Abstract. Taxi software has become one of the most popular mobile Internet software. The best subsidy schemes from different taxi software company representative for different times and places are achieved by a quantitative analysis using the efficacy coefficient method to ease the taxi difficult problem in this paper.
Introduction
The difficulty of taking a taxi has been a common problem in the large cities of China. Factors in taxi taking include road network density, the number of taxi ownership per ten thousand people, taxi mileage utilization, taxi no-load rate, mobility peak or off-peak and urban centers or fringes, etc. In the recent years, with the development of cloud computing, mobile Internet and other new technologies, taxi-hailing apps such as Kuaidadi.com and DIDI have been put into use in Beijing and Nanjing and quickly occupied the domestic market. However, the difficulty of taxi-hailing in metropolis has not been solved yet . This paper is going to propose the best subsidy scheme to mitigate the difficulty of taxi-hailing, by researching the influence of different subsidy schemes on spatial and temporal factors (peak hours or off-peak hours and urban centers or fringes) with efficacy coefficient method.
Analysis on Efficiency Coefficient in Evaluation Indexes
Suppose the evaluation indexes of difficulty in taxi-hailing: let the road network density X , the number of taxi ownership per ten thousand people X , taxi traffic mode split rate X taxi mileage 4 5 6 evaluation index system, an evaluation model of "taxi-hailing difficulty" can be drawn as: (1) In this formula, (i = 1,2,3,4,5,6) is the weight of each index, the actual value of the evaluation index corresponding to the evaluation object, and the efficiency coefficient of the evaluation index corresponding to the evaluation object, .W is a comprehensive evaluation index. Through the principal component analysis method, the correlation matrix and communality can be calculated as shown in Table 1 utilization X , taxi no-load rate X and the passenger's waiting time X . Based on the above If this is plug into the above formula, it can be drawn that .
(2) According to the efficiency coefficient evaluation theory, when W is less than 0.6, it will be evaluated as "poor"; when W range is from 0.6 to 0.8, it will be evaluated as "medium"; and when W is higher than 0.8, it will be evaluated as "good". The subsidy scheme of each taxi-hailing app company is mainly one of the following four forms or an integrated form.
(a) The taxi drivers who receive orders from the taxi-hailing app will get a certain amount of subsidies for each order, which is denoted as p 1 ; (b) The taxi drivers who receive orders from the taxi-hailing app will get subsidies directly proportional to the amount of fuel consumption, which is denoted as p 2 ; (c) The taxi drivers who receive orders from the taxi-hailing app will get subsidies directly proportional to the mileage within the order, which is denoted as p 3 ; (d) The passengers who take a taxi by using the taxi-hailing app will get a certain amount of subsidies for each order, which is denoted as p 4 ; So the research will be focused on the influence of the four forms of subsidies on Xi.
Road Network Density X1 and Its Efficiency Coefficient X1 0
In general, a reasonable road network density should be between 7.0 to 9.0; if it is higher, it indicates that the problem of urban traffic density is very serious; if it is lower, it indicates that the city's road network is too sparse, which is not good for residents travel and taxi operations. The relationship of its efficiency coefficient X1 0 and the actual value of the road network density X1 is substantially quadratic function. The analytic formula is:
In Beijing, for example, set the areas within the Fifth Ring Road as the urban center, areas outside the Fifth Ring Road as the urban fringe; let 7: 00-10: 00 and 16: 00-19: 00 the mobility peak and let the other time the off-peak. So the corresponding value of X1 0 is shown in Table 3 . With respect to each subsidy policy, the road network density is a constant.
Taxi'S Quantity per Ten Thousand People X2 and Its Efficiency Coefficient X2 0
In 2014, the total population of Beijing is 29.148 million, 51% of which is within the Fifth Ring Road, 49%of which is outside the Fifth Ring Road. Therefore, the value of X2 0 at different time and in different areas of Beijing is shown in Table 4 . Likewise, the number of taxi ownership per ten thousand people does not vary according to different "subsidy" policies.
Taxi Traffic Mode Split Rate X3 and Its Efficiency Coefficient X3 0
Those choosing taxi as the way to travel in Beijing account for about 6.6% of the total population, those choosing the public transport for about 42.8%. The taxi traffic mode split rate accounts for 15.42%. If the taxi traffic mode split rate is less than 8%, this transportation will gradually be driven out of the market. The relationship of the taxi traffic mode split rate X3 0 and its efficiency coefficient X3 is:
When the subsidies provided by the company for those who take a taxi, more people will choose the taxi as the way to travel. However, the subsidies for the drivers will not affect the consumer's behavior. According to statistics of subsidies for the passengers in the survey of "DIDI" taxi-hailing app, during the peak hours, when the company offer a subsidy of 5 yuan for each order, the taxi traffic mode split rate will rise by 2.07%; during the off-peak hours, the taxi traffic mode split rate will increase by 3.42%. So the relationship between X3 and p 4 is: Peak hours: (5) Off-peak hours:
(6) So the functional relation between the efficiency coefficient of the taxi traffic mode split rate X3 0 and the subsidies can be drawn, as shown in Table 5 . 
Taxi Mileage Utilization〖 X〗_4 and Its Efficiency Coefficient X4 0
Usually, in order to achieve the efficiency of utilization, the taxi mileage utilization should be not less than 70%. Then, its efficacy coefficient X4 0 can be roughly calculated as: (7) In fact, the taxi mileage utilization is quite different in various areas of Beijing and at different time, as is shown in Table 6 . The influence of various subsidy schemes on the taxi mileage utilization: (i) Subsidy scheme A. According to survey carried out by "DIDI" taxi-hailing app, if the company offers a subsidy of 5 yuan for each order, during the peak hours, the taxi mileage utilization in the urban centers can be increased by 0.03 and that in the urban fringes can by increased by 0.04; during off-peak hours, that in the urban centers can be increased by 0.12 and that in the urban fringes can be increased by 0.13.
(ii) Subsidy scheme B. If the company offers a subsidy of 1 yuan for a kilometer, during the peak hours, the taxi mileage utilization in the urban centers can be increased by 0.03 and that in the urban fringes can be increased by 0.06; during the off-peak hours, that in the urban centers can be increased 0.11 and that in the urban fringes can be increased by 0.15.
(iii) Subsidy scheme C. If the company offers a subsidy of 0.1 yuan for a liter of gasoline, during the peak hours, the taxi mileage utilization in the urban centers can be increased by 0.05 and that in the urban fringes can be increased by 0.06; during the off-peak hours, that in the urban centers can be increased 0.09 and that in the urban fringes can be increased by 0.12.
(iv) Subsidy scheme D. This subsidy policy only changes the consumer's behavior pattern and has so little impact on the taxi mileage utilization that it can be ignored. Therefore, the relationship between the subsidy schemes and the efficiency coefficient of the taxi mileage utilization in different spatial and temporal contexts of Beijing can be drawn, as shown in Table 7 . Usually, the taxi no-load rate should be controlled between 30% and 40%. Relationship between no-load rate and its efficiency coefficient is:
(8) The efficiency coefficient of taxi no-load rate in different spatial and temporal contexts of Beijing can be shown in Table 8 . Thus we can see the relationship between the various subsidy schemes and the efficiency coefficient of taxi no-load rate in different spatial and temporal contexts of Beijing in Table 9 . 
Taxi Passenger's Waiting Time X6 and Its Efficiency Coefficient X60
According to the survey, the average waiting time for the passengers to take a taxi is substantially shown in the pie chart, see Figure 1 . Generally speaking, when X6 is less than 1 min, its efficiency coefficient X6 0 is 1; when X6 is more than 1 min and less than 4 min, its efficiency coefficient X6 0 is 0.9; when X6 is more than 4 min and less than 5 min, its efficiency coefficient X6 0 is 0.8; when X6 more than 5 min and less than 10 min, its efficacy coefficient X6 0 is 0.7; when X6 is more than 10 min and less than 15 min, its efficiency coefficient X6 0 is 0.6; when X6 is more than 15 min, its efficiency coefficient X6 0 is 0.5.
Therefore, a calculation can be made that efficiency coefficient of the taxi waiting time in Beijing is:
(9) Thus the evaluation function of the indicators in Beijing and the variation function of index system relating to the various subsidy schemes can be summarized as the following.
(i)For the urban centers during the peak hours:
(10) (ii) For the urban fringes during the peak hours:
(11) (iii) For the urban centers during the off-peak hours:
(12) (iv) For the urban fringes during the off-peak hours:
(13) If there is no subsidy scheme, evaluation index of "taxi-hailing difficulty" W in different spatial and temporal contexts of Beijing can be shown in Table 10 . If a subsidy scheme and the evaluation index of "taxi-hailing difficulty" W has a positive correlation, it indicates that the subsidy scheme is helpful to alleviate the problem of taxi-hailing difficulty. Hence, the influence of different subsidy schemes on alleviating the problem of taxi-hailing difficulty can be shown in Table 11 below. 
Conclusion
(i) In the urban centers during the peak hours, all of the subsidy schemes including scheme A, B and C can effectively solve the problem of taxi-hailing difficulty, and the scheme C perform better. Because during the peak hours, the taxi is running at a slower speed with larger fuel consumption, subsidies related to fuel consumption is the most effective to stimulate the taxi drivers.
(ii) In the urban fringes during the peak hours, the subsidy scheme A and C can both effectively solve the problem, while the subsidy scheme B cannot work. It can be drawn that the policy of subsidy for per mileage cannot effectively resolve the problem of taxi-hailing difficulty in urban fringes during the peak hours.
(iii) In the urban centers during the off-peak hours, both of the subsidy scheme A and C can effectively solve the problem of taxi-hailing difficulty, but the scheme C does not perform as well as it does during the peak hours.
(iv) In the urban fringes during the off-peak hours, only the subsidy scheme B can effectively resolve the problem. Because the trips in the urban fringes are generally long with relatively less fuel consumption, the scheme of offering subsidy according to the mileage is better than that based on fuel consumption and a fixed subsidy for each order.
(v) At any time or in any place, the scheme D cannot solve the problem of taxi-hailing difficulty in an efficient way. For subsidizing the taxi passengers, there will be an increasing demand of taxi-taking, which will make it more difficult for the passengers to hail a taxi. Therefore, for the companies of taxi-hailing apps, to subsidize the taxi passengers is only to seize more market share, not to solve the problem of "taxi-hailing difficulty".
The conclusion above is consistent with common sense and the corresponding model also works well.
